Introduction

The alveolar process and alveolar ridge of bone in health and disease
The alveolar process is the part of the maxilla and the mandible that house and support the alveoli of the teeth. It develops in conjunction with the development and eruption of the teeth, over the basal bone and coronal to it. The alveolar process consists of an outer layer of cortical bone, an inner cancellous bone, and a special layer -alveolar bone proper -which together with the root, cementum and the periodontal membrane constitutes the dental attachment apparatus. The attachment apparatus supports the tooth in the jaw, on the one hand, and distribute forces generated by the teeth to the alveolus and bone peripheral to it, on the other hand. The forces transferred to the jaw due to teeth activities, influence the structure, architecture, size and density of the cancellous bone trabeculae. Fig. 1a -c shows a cross section through dentate sites in the mandible at a level corresponding to the roots and through an edentulous site (d). In health, the bone lining the wall of the socket (alveolar bone proper) is continuous with the cortical bone at the lingual and buccal aspects of the alveolar process e) however, if the buccal plate of bone is extremely thin (Fig.1 . a,c) the buccal cortical plate and the alveolar bone proper unite having no cancellous bone between them. The different structures of the alveolar process, i.e. cortical and cancellous bone, are constantly undergoing remodeling in response to functional forces acting on the teeth. Once teeth are lost, the attachment apparatus is destroyed, and the alveolar process, mainly the alveolar ridge, undergoes significant structural changes; these are referred to as "disuse atrophy" (Fig. 1a ,c,f).
Immediately after extraction the bony walls of the alveolus present significant resorption, the central part of the socket is partly filled up with woven bone and the extraction site becomes markedly reduced in size. Pietrokovski & Massler (1967) and Schropp et al. (2003) have shown that the edentulous site diminishes in all dimensions i.e. bucco-lingual, buccopalatal and apico-coronal. At the same time, the soft tissues in the extraction site undergo adaptive changes that clinically may appear as deformations of the jaw (Fig. 2) . a.
b. c.
d. e. f. Fig. 1 . Different views of sites of a dry mandible. a. cross section through an empty alveolar socket of a mandibular canine tooth; the red line represents the expected bone contour that would be established had the tooth been removed; note that the buccal wall contains exclusively cortical bone. b. cross section through an empty alveolar socket of a mandibular premolar tooth; note that the buccal wall contains exclusively cortical bone in spite of its being relatively thick c. cross section through an empty alveolar socket of a mandibular canine tooth; the red line represents the expected bone contour that would be established had the tooth been removed; note that the buccal wall is extremely thin ("paper thin") and contains exclusively cortical bone d. cross section of an edentulous inter-radicular site a few months after tooth loss; there is less bone loss in this area compared with extraction socket sites. e. upper view of an empty socket of the lower second molar showing the cribriform alveolar bone proper f. clinical view of the anterior segment of an edentulous mandible 1 year after extraction; severe disuse atrophy is noted. 141 a. b. Fig. 2 . Deformations of the jaw due to severe bone loss and soft tissues adaptation in extraction sites associated with a. implant failure and b. traumatic injury; in the esthetic zone this deformations needs regenerative and/or plastic therapy.
The alveolar process status in relation to implant placement
Re-establishment of the natural dimensions of the alveolar process is essential for both functional rehabilitation and esthetic restoration; if missing teeth are to be restored with implant supported prostheses, restoring these dimensions is of crucial importance. It is agreed that endosseous implants should be completely embedded in bone and preferably surrounded by not less than 2 mm of bone in all aspects. In view of the changes in bone dimensions after tooth extraction, the issue relating to the "optimal" timing of implant placement has received much attention (Hammerle et al. 2004) . Attempts made to identify the advantages and disadvantages of early, delayed, and late implant placement, led to incorporation of the knowledge in this field into a classification relating the timing of implant placement to the condition of soft and hard tissue healing as follows (Hammerle et al. 2004 ):
 Type 1: the implant is placed immediately following tooth extraction ( Fig. 3a )  Type 2: the implant is placed after soft tissues have healed and a mucosa is covering the socket entrance ( Fig. 3b )  Type 3: the implant is placed after substantial amounts of new bone have formed in the extraction socket ( Fig. 3c )  Type 4: the implant is placed in a fully healed ridge. (Fig. 3d) Preservation of the alveolar process is dependent on the presence of teeth; after the teeth are lost the alveolar process posses gradual regression. The loss of teeth, and the loss of function within and peripheral to the socket results in adaptive alterations of the edentulous portion of the ridge; the alveolar ridge becomes markedly reduced in all dimension. The magnitude of this change was described by Pietrokovski and Massler (1967) who studied anthropometrically dry jaws, and Schropp et al. (2003) who clinically studied bone and soft tissue volume changes following the extraction of single premolars and molars. The later concluded that the buccal-lingual/palatal dimension during the first 3 months was reduced about 30%, and after 12 months the edentulous site had lost at least 50% of its original width. Furthermore, after 12 months of healing the buccal prominence was reduced to a level 1.2 mm apical of its lingual/palatal counterpart. It is noteworthy that frequently, the alveolar process has undergone pathologic changes prior to tooth loss due to traumatic injuries, chronic or aggressive periodontitis, periapical lesions, root fractures and resorption as well as severe periimplantitis. (Fig. 4) .
a. b.
c. d. Fig. 3 . Classification relating the timing of implant placement a.Type 1: an implant is placed immediately following a molar tooth extraction. b. Type 2: an implant is placed 2 months after implant removal. The soft tissues have healed and the mucosa covering the socket entrance was intact c. Type 3: an implant is placed 4 months after extraction of the upper left first premolar. Substantial amounts of new bone have formed in the extraction socket; a buccal dehiscence defect is associated with the buccal aspect of the implant. d. delayed implant placement in a fully healed (type 4) ridge, 1 year after extractions. Both, vertical and horizontal bone loss is evident.
c. d. Fig. 4 . Clinical view of bone destruction in the alveolar process a. immediately after tooth removal due to advanced periodontitis b. immediately after removal of tooth remnants due to root resorbtion c. complete destruction of the alveolar buccal plates observed after removal of the first and second maxillary bicuspids d. immediately after removal of dental implants due to advanced peri-implantitis.
Radiographic studies dealing with the atrophy of the alveolar process have shown that in the first few months bone loss is obvious in the alveolar crest region, simultaneous to bone gain in the socket. Gain of bone in the socket continued until 6 months following extraction, being replaced by bone remodeling during the next 6 months to follow. Based on the volume of remaining bone, the edentulous sites were classified by Lekhom and Zarb (1985) into five different categories: A and B groups represent sites in which substantial amounts of the alveolar process still remain, whereas in groups C, D, and E, there are only minute remnants of the alveolar process present (Fig. 4) a. b.
c. d. Fig. 5 . CT scan demonstrating very severe (group E) bone loss due to implant failure followed by usage of a full removable denture over a 20 years period of time. Bone loss include the whole alveolar process and most of the basal bone. a. mid-sugittal section view through of the maxilla and mandible. b. higher magnification of the mid-sugittal section view through the mandible c. 3D view of the mandible from above; vertical bone loss beyond the level of the mental foramina is evident d. coronal section of the mandible at the level of the mental foramina. Lekholm and Zarb (1985) further classified the residual bone according to "quality": Class 1 and class 2 relate to residual alveolar process presenting thick cortical plates and relatively small volume of bone marrow, while sites belonging to class 3 and class 4, present relatively thin walls of cortical bone and large amount of cancellous bone including trabeculae of lamellar bone and marrow. While the definition of the alveolar process is clear, there seems to be no distinct boundary between the alveolar process and the basal bone of the jaws. However, by definition the alterations, modifications and adjustments occurring in the alveolar process and ridge following tooth extraction include intra-alveolar processes and extra-alveolar Processes; these were described in details by Amler (1969) , and later by Evian (1982) .
Understanding the changes occurring to the alveolar process after extraction is of utmost importance when planning the rehabilitation of the edentulous jaw. Araújo & Lindhe (2005) studied histologically the processes alterations following tooth extraction in the dog at 1, 2, 4, and 8 weeks of healing. At 1 week after tooth extraction the socket was occupied by a coagulum. The presence of osteoclasts on the inner surface of the socket walls indicated that the bundle bone was being resorbed. At 2 weeks newly formed immature (woven) bone resided in the apical and lateral parts of the socket. In several parts of the socket walls the bundle bone has been replaced with woven bone. At 4 weeks after extraction the entire socket was occupied with woven bone and at some areas the newly formed woven bone was being replaced with a more mature type of bone. At 8 weeks a layer of cortical bone covered the entrance to the extraction site. The woven bone had been replaced with bone marrow and some trabeculae of lamellar bone. Signs of ongoing hard tissue resorption were observed on the outside and on the top of the buccal and lingual bone wall and the buccal bone wall was located apical of its lingual counterpart. Araújo & Lindhe (2005) concluded that the process of modeling and remodeling that occur following tooth extraction results in pronounced resorption of the various components of the alveolar ridge. The resorption of the buccal bone wall is more pronounced than that of the lingual/palatal wall and hence the center of the ridge will move in lingual/palatal direction. In the extreme case, the entire alveolar process may be lost and in such situations only the bone of the base of the mandible or the maxilla remains. In fact, with time, depending on functional and parafunctional activities, significant parts of the basal bone may be lost leaving but the cortical envelop in situ (Fig 5) . Since this subject is beyond the scope of this book, for a systematic description of the histological and morphometrical changes in the alveolar process following tooth extraction the reader is referred to a detailed long-term experiment in the dog carried out by Cardaropoli et al. (2003) .
The role of dental implants in bone healing and bone regeneration
Augmentation and regeneration procedures of the alveolar process and alveolar ridge have received special attention soon after the introduction of modern implant therapy (1970's) . Successful restoration of health, function and esthetic appearance using dental implants require the establishment of conditions that promote bone and soft tissue integration to the implant. In addition, in a growing number of cases, treatment must also satisfy esthetic demands. After tooth removal it takes about 4-8 weeks before granulation tissue and provisional connective tissue/woven bone fill the extraction socket and its surface becomes covered with epithelium (Amler 1969; Zitzmann et al. 1999; . The maturation of the soft tissue may require an even longer healing time before the soft tissue quality allows for precise management of a mucosal flap. This timing however, must be matched against the hard tissue reduction that results in by the socket walls resorption, especially that of the buccal plate of bone. Special care should be taken with flap elevation at sites where the mucosa adheres to the underlying bone or underlying scar tissue; in such cases flap separation from the bone may rupture the soft tissue resulting in soft tissue dehiscence, local infection, and compromised healing (Zitzmann et al. 1997) . Thus, if bone height apical to the tip of the root is less than 3 mm, and obtaining primary implant stability in the bone is impossible, a more delayed approach is preferable and it is advised to wait until substantial bone fill has occurred, i.e. 10-16 weeks (Evian et al.1982) . At that time newly formed woven bone occupies the socket area, however, by that time the walls of the socket are frequently severely resorbed. At this stage of healing it is possible to place the implant in a position that facilitates the prosthetic phase of the treatment. Six to 12 months after tooth extraction, the alveolar ridge is characterized by dense cortical bone that is lined by a mature keratinized mucosa. The advantage of placing implants into the mature edentulous ridge is since at that delayed stage of healing, further changes of the ridge morphology may be minimal and very slaw. The main disadvantages of such delayed implant placement is that the overall reduction of the ridge volume is significant, and its external contours may be deformed.
Depending on the pre-extraction bone loss, and the time elapsed from extraction to implant placement, the loss of ridge volume and changes in contours may require bone augmentation varying from minimal ridge preservation in the fresh extraction cases, to more complicated bone augmentation procedures in the very pronounced ones. Although each case requires a "custom made" treatment planning, in most cases, whenever possible, tooth replacement should be done as early as possible; the final decision regarding the timing for implant placement must however be based on a thorough understanding of the structural changes that occur in the alveolar process following tooth extraction, with and without implant placement. (Hämmerle et al. 2006) 
Ridge correction in conjunction with implant placement
Implants may be placed immediately after the removal of teeth. Many claims have been made regarding the advantages of immediate implant placement including implant positioning and bone preservation at the site of implantation, (Werbitt & Goldberg 1992; Barzilay 1993; Schwartz-Arad & Chaushu 1997a; Hammerle et al. 2004) . It was proposed that placement of an implant in a fresh extraction socket may allow the preservation of bone tissue of the socket and the surrounding jaw by stimulating bone formation and osseointegration and hence counteract the adaptive alterations that occur to bone tissue following tooth loss (e.g. Denissen et al. 1993; Watzek et al. 1995; for review see Chen et al. 2004) . Human clinical studies (Botticelli et al. 2004; Covani et al. 2004) and dog experiments (Araujo & Lindhe 2005; Araujo et al. 2006a,b) have shown that after 4 months of healing post extraction and immediate implant placement, the marginal gap between implants and socket bony walls had completely resolved, however, the thickness of the buccal as well as the palatal bone walls had become markedly reduced so that the implant surface could be seen through the very thin remaining buccal bone wall. The alveolar process next to implants placed in the palatal socket of the fresh extraction sites of extracted first maxillary premolars and next to implants placed in healed edentulous ridge at similar positions have been entirely resolved and the distance between the implant and the outer surface of the buccal bone plate had become markedly reduced. Based on clinical measurements, Botticelli et al. (2004) reported that during 4 months of healing following tooth extraction and implant placement the reduction of the buccal dimension was 56% (1.9 mm) while the reduction of the lingual dimension was 27% (0.8 mm). These findings which were based on measurements at 21 sites in 18 subjects, show that after implant placement all marginal gaps had practically become resolved and suggest that that implant placement in a fresh extraction socket may, in fact, not prevent the physiologic modeling/remodeling that occurs in the ridge following tooth removal. These findings further demonstrate that the bone(woven bone)-to-implant contact that was established during the early phase of socket healing following implant installation, was in part lost when the buccal bone wall underwent continued atrophy.
In summary, It is obvious that the alveolar process following tooth extraction will adapt to the altered functional demands by atrophy, and that an implant, in this respect, is unable to substitute for the tooth. The clinical problem associated with immediate implant placement may be that unless the implant is placed palatal or lingual to the natural position of the root, bone loss frequently cause the buccal portion of the implant to gradually lose its hard tissue coverage, and the metal surface may become visible through a thin peri-implant mucosa or even be exposed and cause functional and/or esthetic concerns (Fig. 6 ).
a. b. c. These findings were supported by a recent clinical study (Grunder, 2011) who have shown that following implant placement into fresh extraction sockets the average horizontal loss of hard anf soft tissue measured 1.06 mm. Placing a subepithelial connective tissue graft using the tunnel technique in the labial area resulted in a slight (0.3mm) increase in the horizontal dimension of the ridge. Figure 7 presents a clinical case in which an implant is immediately placed after extraction of the mandibular first right molar tooth. An osteotomy at the center of the socket, through the septum, results in the establishment of an intimate contact between the surface of the implant body and the buccal and lingual base of the septum, the walls of the socket and the bone apical to it. Implant is stabilized at 45N. Osseoconductive graft material* and a coagulum resides in the void between the contact regions and peripheral bony walls of the socket. Six month later the implant is fully loaded. The final outcome after 1 year clearly shows that the buccal profile of the ridge is reduced in width, in spite of the atraumatic extraction, and immediately placed implant.
Atrophy of the edentulous ridge following tooth loss seems to be a biologic principle resulting in reduction of the width and the height of both the buccal and lingual bone plates; it is unavoidable and cannot be prevented by placing implants into the fresh extraction socket. This pathological phenomenon may be reduced by anchoring the implant deeper into the fresh socket, apical to it, and in a more lingual/palatal portion to that of the extracted tooth. In that case, bone regeneration procedures may be required to improve or retain bone volume and the buccal contour at a fresh extraction site. Adding a subepithelial connective tissue graft in the labial area may be favorable in the esthetic zone (Grunder 2011) . 
Bone regeneration in the alveolar process of the jaw
Successful oral rehabilitation following tooth loss requires replacement of the missing roots, and satisfactory restoration of an adequate volume of bone; this is influenced mainly by health necessities, functional requirements, implant placement (Lekholm et al. 1986) , and esthetic demands. Four methods have been described to achieve these goals: osteoinduction using growth factors (Urist 1965; Reddi 1981) ; osteoconduction using grafting material as a scaffold for new bone growth (Buch et al. 1986; Reddi et al. 1987 ); distraction osteogenesis, by which the two fragments of a surgically induced fracture are slowly pulled apart (e.g. Ilizarov 1989a,b) ; guided bone regeneration (GBR), which allows spaces maintained by barrier membranes to be filled with new bone (Dahlin et al. 1988 (Dahlin et al. , 1991a Nyman & Lang 1994) .
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Guided bone 1 regeneration in the alveolar process of bone
Guided bone regeneration (GBR) which is better documented than the other methods for the treatment of localized bone defects in the jaws will be dealt in this chapter in depth; for other techniques the reader is referred to chapters (8-10). GBR allows the placement of endosseous implants in areas of the jaw with insufficient bone volume. Lack of bone volume may be due to congenital, post-traumatic or postsurgical defects or results in from disease processes (Figs. 4, 5) . It has been claimed that the predictability and success which can be achieved with GBR procedures enable the clinician to obtain similar rates of treatment success at sites with bone defects compared to sites without defects (Hammerle et al. 2002) . (see also chapter 6).
Guided bone regeneration frequently forms a part of complex treatments, but this chapter focuses on the aspects of bone augmentation at localized defects in the alveolar process. More than two decades have passed since the introduction of GBR into clinical practice. Today, general understanding of the mechanisms leading to regeneration of desired tissues still agrees with the initially published statements regarding guided tissue regeneration Nyman et al. 1980 Nyman et al. , 1989 . In brief, when a space is formed, cells from the adjacent tissues grow into this space to form their parent tissue, i.e. the tissue they migrated in from. In order to give preference to cells from desired tissues, tissue barriers, most commonly membranes, are placed to prevent cells from undesired tissues having access to the space. (Figure 8 )
Fig. 8. Guided bone regeneration scheme describing the use of a resorbable barrier membrane. a. bony defect is diagnosed b. the defect is debrided, bone cortex is perforated, and a membrane supporting scaffold material is placed. c. the membrane is stabilized and shaped to dictate the desired bone contours d. a few months later bone regeneration is observed restoring the desired shape of the jaw.
Experimental research regarding ridge augmentation using GBR has shown that in large surgically created defects in the alveolar ridge, treatment with membranes with or without the addition of grafts, entirely filled the space between the membrane and the bone with bone; in the absence of membranes, bone formation was lacking (Seibert & Nyman 1990 ). These findings received further support by later investigators who reported that GBR procedures can successfully be employed in the regeneration of alveolar ridge defects (Seibert & Nyman 1990; Schenk et al. 1994; Smukler et al. 1999) . While intrabony alveolar ridge defects and lateral ridge augmentation has been shown to be predictable Dahlin et al. 1991b; Becker et al. 1994b; Buser et al. 1996; von Arx et al. 2005) , vertical bone gain was initially less promising. Intensive efforts in GBR therapy were focused on vertical ridge augmentation, due to the great demands of this procedure. Clinical experiments have shown promising results when placing of autogenous bone grafts or bone substitute materials in combination with e-PTFE membranes of various configurations (Simion et al. 1994b Tinti et al. 1996 Tinti & Parma-Benfenati 1998; Chiapasco et al. 2004) . The membranes were supported either by the graft alone or additionally by implants protruding vertically from the host bone for various lengths. Employing vertical GBR, it was possible to achieve bone gain above the external borders of the jaw (Lundgren et al. 1995; Hämmerle et al. 1996 Hämmerle et al. , 1999 Schliephake & Kracht 1997; Schmid et al. 1997; Lorenzoni et al. 1998) . Although in some experiments vertical bone formation reached up to 4 mm above the previous border of the alveolar crest, clinical attempts to regenerate vertical bone was not predictable, and bone growth to the top of the membrane was not consistently achieved. (Simion et al. 1994a ).
Advances in guided bone regeneration had become possible thanks to a series of biomaterials including tissue barriers, bone grafts and bone graft substitutes. Recently, growth and differentiation factors and tissue engineering means have been added to the available stock of such materials. These biomaterials are briefly mentioned at the end of this chapter and are dealt with more thoroughly in chapters 11-14 Successful GBR depends on the ability of the different materials to provide a space into which bone originated granulation tissue can proliferate exclusively, partly due to peripheral cell oclusiveness achieved a. b.
c. d. by tissue barriers. Success rates of the GBR procedure further depends on the stability of the healing site, minimal or no tissue reactions resulting from the presence and/or resorption of the occluding barriers, bone substitutes (Gottlow 1993) , and osseoinductivity/conductivity of the bone scaffold in use (Figs. 9,10 ).
a.
b.
c. d. 
Biomaterials for guided bone regeneration in the jaws -Animal and human studies
Extensive research has been conducted in search for the ideal enhancing bone repair and regeneration substance. Among the many available materials, bovine bone mineral (BBM) (Bio-Oss®, Geistlich Biomaterials, Wolhusen, Switzerland) is perhaps the most extensively researched one, presenting very favorable biocompatibility and osteoconductive qualities (Spector 1994; Jensen et al. 1996; Berglundh & Lindhe 1997; Boyne 1997; Hämmerle et al. 1997; Skoglund et al. 1997; Artzi & Nemcovsky 1998 Artzi et al 2000 , 2001a ,b,c, 2002 . Based on the authors experience as well as other investigators, it has proved to be an appropriate scaffold in ridge deficiencies, peri-implant destruction, and sinus augmentation procedures (Smiler et al. 1992; Wetzel et al. 1995; Dies et al. 1996; Hürzeler et al. 1997; Valentini & Abensur 1997; Piattelli et al. 1999; Artzi et al. 2000 Artzi et al. , 2001a Artzi et al. ,b, 2002 Artzi et al. , 2003a Artzi et al. ,b 2005 Hallman et al. 2001b Hallman et al. , 2002a .
In a 24 months comparative study (Artzi et al 2003a) , the healing of surgical experimental defects grafted with bovine bone mineral was studied in the dog mandible, with and without tissue barrier membranes. Average bone area fraction at the bovine bone mineral uncovered sites was 23.1%, 44%, 63.4%, and 58.8% at 3, 6, 12, and 24 months, respectively. Differences were statistically significant between 3 to 6 and 6 to 12 months (P<0.001). At the membrane-protected sites, average bone area fraction was 26.4%, 51.7%, 61.2%, and 52.4%, at the respective periods. Differences were statistically significant between 3 to 6 months (P<0.05). However, Differences between the two sites with regard to the newly formed bone and particle presence were insignificant. At 3 and 6 months, newly formed bone, woven in nature, was incorporated with the grafted particles. High cellular bone with occasional osteoclasts was noted towards the surface of the mineral particles. Osteons were established in direct contact to particle configuration (Fig. 11.) a. b. c. Fig. 11 . Photomicrograph of a bony defect grafted with bovine bone mineral (BBM). a. At 3 months, newly formed bone primarily surrounds the grafted BBM particles (Stevenel's blue and Van Gieson's picro fuchsin staining; original magnification x100). b. At 12 months, Haversian canal system; i.e., osteons, is established in proximity to the BBM particle and in accordance to its configuration (Stevenel's blue and Van Gieson's picro fuchsin staining; original magnification ×100). c. On higher magnification, note presence of multinucleated cells i.e., osteoclasts in proximity to the particle (Stevenel's blue and Van Gieson's picro fuchsin staining; original magnification×400).
At 1 and 2 years, the grafted sites showed complete bone healing configuration, however, the grafted particles -completely surrounded by the newly formed bone -were still predominant (Fig. 12 ). Osteons and lamellar bone arrangement were established but the bone was still highly cellular and osteoclasts could still be identified. The biomaterial did not show any substantial resorption within 2 years observation period of time.
a. b. Fig. 12 . Photomicrograph of a bony defect grafted with bovine bone mineral particles a. At 12 months, protected by the membrane, the entire defect is filled with bone (Stevenel's blue and Van Gieson's picro fuchsin staining; original magnification ×20) b. At 24 months, the bovine bone mineral grafted site is filled with newly formed bone surrounding a substantial amount of grafted particles (Stevenel's blue and Van Gieson's picro fuchsin staining; original magnification ×20).
When bovine bone mineral was grafted under a configured titanium mesh serving as a contained stabilized vehicle to restore a deficient alveolar ridge (Artzi et al 2003) , average bone fill of 81.2% ±7.98 was measured with remarkable height gain of 5.2 ± 0.79mm. Picrosirius red stained sections examined under polarized illumination, showed a gradual increase in new lamellar bone from the coronal to the most apical sections, reaching highest bone density near the most apical zone. (Fig 13 a,b) .
a. b. Fig. 13 . a. Photomicrograph of coronal section, mainly woven bone, containing both unorganized thin and thick collagen fibers with polarization colors of green to greenishyellow (Picrosirius red staining with polarizing microscopy, x20 magnification). b. Apical section presenting a higher percentage of lamellar bone at 9 months consisting mainly of fibers with greenish-yellow and yellow polarization colors (Picrosirius red staining with polarizing microscopy, x20 original magnification). (Breitbart et al. 1995; Gao et al. 1997; Buser et al. 1998; Ohsawa et al. 2000; Szabo et al. 2001) . β-TCP is biocompatible (Rosa et al 1995 , Hossain et al 1996 , Ohsawa, et al 2000 , ,and achieves favorable volumetric maintenance. (Breitbart et al 1995, ; Gao et al. 1997 ) In a comparative histomorphometric study in miniature pigs (Merten et al 2001) , β-TCP has shown very favorable qualities of biodegradation and substitution.
Unlike deproteinized bovine bone mineral xenograft, β-TCP has shown extensive resorption within 12 to 84 months after grafting (Yamada et al. 1997; Wiltfang et al. 2002) , raising the question on the relationship between the material resorption rate and amount of newly formed bone in the augmented sites. Looking into this query we have undertaken to explore the osteoconductive and resorbability expressed by both deproteinized bovine bone mineral and -TCP in identical defects performed in the dog mandible (Artzi et al 2004) . At the bovine bone mineral sites, newly formed bone was incorporated and primarily established near the native defect walls and around the grafted particles at 3 months. At 6 months most of the defect (51.7%± 2.5) was filled with bone. At 12 and 24 months, complete bone regeneration was evident, but the grafted mineral particles still dominated the grafted sites (Fig 14) .
a. b. c. Under high power magnification, osteoid formation was noted even after 1 month. At 3 months, highly cellular newly formed bone was observed mainly around the grafted particles. At 6 months most of the particles were surrounded by newly-formed bone that filled the majority part of the defect. (Fig 15) At the -TCP sites, aggregates of -TCP particles were still predominated at 3 months, while newly formed bone was noted primarily near the native bone (Fig16a.). At 6 months, defects showed almost complete bone fill. The grafted particles were completely embedded in the newly formed regenerated bone (Fig 16b) . At 12 months, there were only remnants of the particles, particularly in the center of the defect, distal from the bony walls and at 24 months, particles were completely resorbed and the entire defect was filled with new bone in both in membrane-protected and unprotected defects. (Fig. 16c) a. b. c. a. b. c. Fig. 16 . Photomicrograph of a bony defect grafted with -tri-calcium phosphate particles (-TCP ). a. t 3 months at the membrane-protected sites, newly formed bone (Stevenel's blue and Van Gieson's picro fuchsin staining, original magnification x20). b. At 6 months, there was complete newly formed bone bridging the defect (Stevenel's blue and Van Gieson's picro fuchsin staining, original magnification x20). c. At 24 months healing period, -TCP particles were fully resorbed and the defect was completely regenerated by newly formed bone (Stevenel's blue and Van Gieson's picro fuchsin staining, original magnification x20).
High power magnification reveals that, -TCP particles were surrounded by highly cellular newly formed bone showed grafted particles in advancing stages of resorption and/or significant degradation. Osteoclasts were observed near the resorbed particles (Fig 17) .
Additional osseoconductive bone-graft substitute which is noteworthy is a biphasic hydroxyapatite/β-tricalcium phosphate (HA/TCP) produced by a single process to prevent clustering and to establish a new homogeneous molecule. Its 60:40 ratio of hydroxyapatite:β-tricalcium phosphate, gives it two phases of activity. HA/TCP offers an interconnected porosity of 90% (pores ranging from 100-500 µm in diameter) to support cellular penetration. While the HA -biphasic TCP compound have shown promising results extraorally (Russotti et al. 1987; Brook et al. 1991; St John et al. 1993; Emery et al. 1996; Gauthier et al. 2001; Le Nihouannen et al. 2005; Schopper et al. 2005; Blouin et al. 2006; Fellah et al. 2006) and in animal studies also intra-orally (Hashimoto-Uoshima et al. 1995; Boix et al. 2004 Boix et al. , 2006 , it still lacks clinical validation in intra-oral applications in humans.
c. To evaluate HA/TCP with autogenous particulate cancellous bone, this composite graft combination was examined in sinus augmentation procedures (Artzi et al 2008) . Newly formed bone around the grafted particles was found in all samples. The encircling, highly cellular bone followed the outline of the grafted particles in direct contact ( Fig. 18a-b) . Both woven and lamellar types of bone were observed (Fig. 19) a. b. Fig. 18 . Photomicrograph of a bony defect grafted with a biphasic hydroxyapatite/tricalcium phosphate (HA/TCP) a. Most of the grafted particles (P) surrounded by newly formed bone (B) (Paragon staining, original magnification x150). b. Osteocytes (arrows) lining the interface osseous zone in direct contact with the grafted HA/TCP particle (Paragon staining, original magnification x600).
a. b. Fig. 19 . Photomicrograph of a bony defect grafted with a biphasic hydroxyapatite/tricalcium phosphate (HA/TCP). a. A high magnification of a 6-month grafted particle fully surrounded by newly-formed bone (Paragon staining, original magnification x600). b. Polarized light image of the specimen shown in fig. 3a .; bone lamellar structure is displayed adjacent to the grafted particle (P) (L). (Paragon staining, original magnification x600).
Morphometrically, mean bone area fraction increased from 28.6% ± 7.8 at 6 months to 41.6% ± 8.3 at 9 months. In resemblance to bovine bone mineral, this biomaterial occupied a surface average of 25% at both observation periods. This alloplast as a composite with autogenous bone chips promotes newly formed bone, which increases in its fraction along an extended healing period.
Alveolar ridge preservation
Alveolar ridge preservation after extractions
Since the most frequent cause for alveolar ridge augmentation is implant site development, long term studies examining different scaffold materials and GBR procedures have focused on GBR at implant sites. The survival rate of implants placed into GBR treated sites varies between 79% and 100% with over 90% survival rate after being in function for at least 1 year. These data are comparable to those reported for implants placed into native, untreated sites. For more data the reader is referred to a few systematic reviews that have focused on the subject of survival and success rates of implants placed within regenerated bone (Hammerle et al. 2002; Fiorellini & Nevins 2003; Chiapasco et al. 2006 ).
Augmentation and preservation of the alveolar process and ridge posses a few treatment strategies, depending on the bony defect morphology available. According to the bone morphology immediately after extraction, one out of two procedures is selected: a) the onestep (combined) approach (immediate implant placement plus GBR) is preferred if anchorage of the implant with primary stability is possible or b) the two-step (staged) approach is preferred when the defect morphology precludes primary implant stability; the two-step approach requires bone augmentation to a degree allowing implant placement in a second intervention (Figure 20) . Since in most cases suffering from bone loss and/or ridge deformations there is lack of soft tissue in addition to lack of bone, it is advisable to improve the soft tissue coverage as early as possible, preferably at the time of hard tissue augmentation. Clinical attempts to maintain the ridge contours and improve the soft tissue biotype by grafting particulate autogenous bone or non-resorbable materials into the fresh extraction socket were carried out with partial success. GBR used to preserve or augment the alveolar ridge at the time of tooth extraction was employed by grafting "supporting materials" into fresh extraction sockets and covering it by non-resorbable membranes (Nemcovsky & Serfaty 1996; Lekovic et al. 1997; Fowler et al. 2000) . Two main shortcomings of this procedure were a. histological findings revealed that some "supporting materials" like DFDBA presented "dead" particles with no evidence of bone formation on the surfaces of the implanted particles and no evidence of osteoclastic resorbtion of the grafted particles. (Becker et al 1994a) and b. the lack of soft tissue to completely cover the grafted site. 
Histological and histomorphometrical studies of ridge preservation after extractions
Histologic and Histomorphometric comparison of specimens from sites treated with GBR and non treated sites revealed that more vital bone had formed in the first group. Both osteoconductivity and resorbability of the materials apparently influenced new bone formation in a positive manner (Artzi et al. 2000; Bolouri et al. 2001; Froum et al. 2002) . Artzi et al (2000 Artzi et al ( ,2001a have shown that when bovine bone mineral was used solely to fill the socket without applying GBR principles, the average clinical overall bone fill of the augmented socket sites was 82.3%. Newly formed bone encircled and adhered to the grafted material in most specimens. Osteoblasts were present within an osteoid layer, lining the interface zone of the bovine mineral particles and the new osseous tissue. Histomorphometric measurements showed an increase of mean bone tissue area along the histological sections from 15.9% in the coronal part to 63.9% apically with overall average of 46.3% (Fig.21 a-b) . Newly formed bone was characterized by abundance of cellular woventype bone in the coronal area, while lamellar arrangements could be identified mainly in the more apical region. Woven/lamellar bone ratio analyzed using polarized microscopy about 10 folds in favor of the woven bone at the crestal region whereas it was nearly 1:1 ratio at the apical zone of the grafted socket (Fig21 c-d) .
a. b. c. d. 
Timing of augmentation and implant placement
As previously mentioned, early implant placement concurrent with guided bone regeneration technique has shown encouraging results (Donos et al., 2008; Buser et al., 2009) . It has also been claimed that obtaining initial stability of the implant is a prerequisite for successful osseointegration no matter what technique is applied (Wikesjo & Nilveus 1990 , Lundgren et al., 1999 , Becker 2005 , Lioubavina-Hack et al., 2006 . However, today there is no clear evidence whether simultaneous GBR procedure affects implants survival rate (Donos et al., 2008) .
Implant stability and soft tissue condition are the principal tools in evaluating healing and function. Most researchers and clinicians have used probing depth, bleeding on probing, and implant stability as the main parameters to assess and monitor implants success or failure. Despite the amenable healing response shown after implant placement in a simultaneously augmented bone sites, both simultaneously or in a 2-stage mode, we found a great interest in following up implants placed in either of the two techniques.
In a longitudinal study implant placement and bone augmentation as either a combined or staged procedure were monitored at 8 and 16 months post implant placement (Artzi et al 2012) . Using clinical parameters such as peri-implant soft tissue conditions and implant stability. It was found that while probing depth and bleeding on probing improved along the time, implant stability was significantly higher when using the delayed mode. We concluded that both techniques may be accepted safe.
In another study in the dog, a qualitative and quantitative evaluation on the degree of osseointegration was conducted to explore the efficacy of implant placement and GBR procedure performed simultaneously or as a 2-stage procedure (Artzi et al 2010) . Morphometric analysis disclosed that a similar osseointegration level over time was shown at the simultaneous (mean of 77.95% ± 11.24) and delayed (79.82% ± 7.54) techniques (Figs 22, 23 ).
a. b. In both techniques, newly-formed bone enhancement was observed proximal to the rough surface of the implant. However, the staged approach showed enhanced newly-formed bone (63.42±9.41 vs. 55.04 ±5.60; p < 0.05), less crestal bone resorption (0.92 ± 0.33 vs. 1.11 ± 0.26; p < 0.05), and smaller vertical bone defect (0.50 ± 0.37 vs. 0.88 ± 0.43; p < 0.05) over time compared to the combined approach. The staged approach showed also better significant results in regard to higher osteoconduction around the grafted mineral particles (71.42 ± 18.29 vs. 37.71 ± 24.31; p < 0.05), however, only at 8-month period. Practically, although the staged approach showed enhanced bone level and higher bone density, timing of the augmentation procedure did not influence the degree of osseointegration or the clinical outcome.
a. b. 
Soft tissue management in alveolar ridge preservation procedures
Applying GBR procedures resulted in reduced rate of resorpbion of the alveolar process in comparison with untreated control sites (Lekovic et al. 1997 (Lekovic et al. , 1998 Yilmaz et al. 1998; Camargo et al. 2000) . Complications with soft tissue dehiscences, however, frequently occurred in GBR-treated sites (Fowler et al. 2000; Yang et al. 2000) . GBR procedures applied for ridge volume preservation have two main shortcomings: a. it requires a 5-6 months healing period of time before endosseous implants can be placed; b. soft tissue coverage are technique sensitive procedures and may lead to a compromised esthetic result. Significant improvement regarding the profile of the alveolar ridge has been achieved with the introduction of various techniques aimed at improving the soft tissue conditions. Evian & Cutler (1994) described the use of autogenous soft tissue grafts to seal extraction sites at the time of implant placement. The technique was further improved by using free gingival grafts as socket sealers before (Landsberg & Bichacho 1994) or at the time of implant placement (Landsberg 1997) (Figs.24,25,26) . The main problem associated with this technique was necrosis of the transplanted mucosa (Tal 1999 ) and poor color integration at the recipient site.
a. b. c.
d. e. d. e. f. Fig. 26 . Ridge preservation at the time of extraction using free gingival graft (left) and granulation reactive connective tissue (right) as socket sealers. a. radiographic view of the upper central incisors before extraction b. atraumatic extraction is followed by grafting the fresh extraction sockets with 4Bone alloplast**. c. sockets orifice is sealed with a free gingival graft (right) and socket granulation reactive connective tissue and a free gingival graft (left). e. and f. six months post extraction complete healing is demonstrated without and with a temporary restoration.
In search for a more predictable technique two additional approaches were applied. Mardinger et.al.(2010) have used intra-socket reactive soft tissue for primary closure during augmentation of infected extraction sites exhibiting severe bone loss prior to implant placement or as part of ridge preservation procedures. Porous bovine xenograft bone mineral was grafted into extraction sites demonstrating extensive bone loss. The intra-socket reactive soft tissue was sutured over the grafting material to seal the coronal portion of the socket. Biopsies of the healed mucosa and bone cores retrieved at implant placement revealed that the intrasocket reactive soft tissue demonstrated features compatible with granulation tissue and long junctional epithelium. The mucosal samples at implant placement demonstrated histopathological characteristics of keratinized mucosa with no residual elements of granulation tissue. The mean composition of the bone cores was -vital bone 40 ± 19% (13.7-74.8%); bone substitute 25.7 ± 13% (0.6-51%); connective tissue 34.3 ± 15% (13.8-71.9%). These authors concluded that intrasocket reactive soft tissue may successfully be used for primary closure of grafted fresh extraction sockets aiming to preserve the edentulous ridge. (Fig. 27) a.
c. Fig. 27 . Intra-socket reactive soft tissue used for primary closure during augmentation of an infected extraction site exhibiting severe bone loss as part of ridge preservation procedures. a. during tooth extraction care is taken to avoid disconnecting the reactive tissue from it's blood sources. b. the intra-socket reactive soft tissue is prepared and moved aside to allow insertion of graft material. c. the reactive soft tissue sutured over the grafting material to seal the coronal portion of the socket.
A coronal and lateral sliding pedicle flaps to cover the orifice of the grafted extraction socket have been employed by Nemcovsky & Serfaty (1996) . Their technique resulted in almost 100% survival rates of the connective tissue grafts (Tal et al 2004) . Figures 28,29 describe the socket seal surgery using the lateral palatal pedicle flap technique employed in an immediate implant placement procedures (Fig.28 ) and augmentation of edentulous sites for esthetic purposes (Fig. 29) .
d. d. e. Fig. 29 . Augmentation of an edentulous sites for esthetic purposes applying a modification of the palatal pedicle flap technique for covering a grafted fresh extraction socket. a. periapical lesion in an hopeless upper right central incisor. b. the fresh extraction socket is debrided and pocket epithelium removed. c. rotated palatal flap cover the orifice of the socket, after grafting with bone scaffold material. d. clinical view of a 4 unit porcelain to metal fused bridge after 6 years shows very pleasing adaptation of the pontic to the underlying soft tissue. e. radiographic view 6 years after grafting presenting a radio-opaque area at the previous extraction site.
In defects which combine a fresh extraction socket and a bony dehiscence resulted in by partial destruction of the buccal bone, a membrane may be placed within the socket against the buccal wall and the dehiscence, and the socket is filled with a membrane-supporting material which is adapted to support the membrane. If an implant is placed simultaneously, the material is placed into the space between the walls of the socket and the implant surface.
In the esthetic zone, additional augmentation of the bone, beyond the labial wall of the socket is indicated; in that case, correction of the ridge contour is an additional task, added to the preservation of the volume of the socket. Such improvement can be achieved by combining the ridge preservation/augmentation procedures and the socket seal free gingival graft technique with a facially placed sub-epithelial connective tissue graft; this modification aims at improving the vertical and labial contours of the extraction site (Grunder 2011) . Figure 30 presents a modified socket seal and subepithelial CT graft procedure, when both are indicated.
d. e. Fig. 30 . Clinical view of a combined socket seal -subepithelial graft procedure. a. The upper right lateral incisor has to be removed following a traumatic injury. b. the mucosa buccal to the extraction socket is separated from the buccal plate of the bone, creating a pouch. c. a connective tissue graft is obtained from the palate; epithelium is removed from the portion which is designed to be placed into the pouch. d. the connective tissue graft is inserted into the pouch, directed to place and stabilized by the mattress suture which is connected to it and penetrates the buccal gingiva. e. once in place, the margins of the epithelialized portion of the graft are adapted to the orifice of the socket and stabilized by a few additional peripheral simple interrupted sutures.
Vertical bone augmentation procedures using extra-oral bone blocks
The augmentation of horizontal or vertical bone loss of the alveolar procedures are beyond the scope of this chapter. Briefly, it is believed that for the augmentation of this type of bone defects intraoral or Extraoral autogenous block transplants are preferred (Becker et al. 1994a; Buser et al. 1996; von Arx et al. (2005) . The advantages of autogenic block grafts are mainly its handling properties, stabilization of the healing site and optimal biologic properties. The disadvantages include donor site morbidity, technical difficulties of the harvesting procedures, and the impossibility of using the graft as a carrier for growth factors.
Harvesting procedures from intraoral sites have generally been preferred over extraoral sources since it may be performed under intraoral local anesthesia, it results in less morbidity, and it may provide sufficient amount of bone for the treatment of localized bone defects (Joshi & Kostakis 2004) . Common intraoral donor sites are the chin and the retromolar region in the mandible. The limitations and disadvantages of intraoral bone harvesting were described by Nkenke et al. (2001) and von Arx et al. (2005) . Figures 31 and 32 describe vertical bone augmentation procedures using bone blocks harvested from the iliac crest and from the skull respectively.
d. e. g. h.
i. Fig. 32 . Vertical bone augmentation using bone blocks from the skull. a. severe defect in the alveolar process following implant failure. b. surgical exposure of the alveolar process reveals severe bone loss requiring vertical and horizontal bone augmentation before implant placement can be considered. c. and d. bone blocks and particulated bone are removed from the skull e. bone blocks are trimmed and stabilized to the edentulous bony ridge with titanium mini screws; gaps between the blocks and jaw are filled with particulate bone. f. clinical view 6 month after the procedure g. radiographic examination 6 months after grafting. h. implant placement procedure 8 months after grafting. h. clinical view of healing 10 days after implant placement.
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Growth and differentiation factors for alveolar ridge augmentation
Scaffold osteoconductive materials lack osseoinductive components. Therefore, an attempt to enhance bovine bone properties was conducted by adding the synthetic peptide component P-15 Bhatnagar 1996, Bhatnagar et al 1999) . P-15, a synthetic peptide analog of collagen is a replica of the organic 15 amino-acid sequences within the sequential residues involved in bone formation in type I collagen (Bhatnagar et al 1997) . A combination of this cell-binding peptide (P-15) attached to the mineral particles has been developed. It is assumed that the addition of such an organic replica component to an osteoconductive material, such as bovine bone, may enhance cell attachment by cell binding and differentiation, eventually resulting in accelerated periodontal ligament fibroblasts attachment (Lallier et al 2001) and enhanced osseous formation (Bhatnagar et al 1999) .
Initially produced as a particulate material, PepGen/P-15 was later replaced by flow and putty forms (Nguyen et al 2003) . PepGen/P-15® (Dentsply Friadent Ceramed, Lakewood, CO, USA) has been used in several bone augmentation procedures, such as socket site preservation, (Hahn et al 2003 , Tehemar et al 2003 ridge deficiency (Barboza et al 2002) , maxillary sinus grafting, , Degidi et al 2004 , Gelbart et al 2005 , Philippart et al 2005 and periodontal defects (Yukna et al 1998 , Walters et al 2003 . However, to a large extent, the above data rely on in vitro observations (Qian and Bhatnagar 1996 , Bhatnagar et al 1999 , Bhatnagar et al 1997 When PepGen/P-15 was examined in surgical fenestrated membrane-protected periodontal defects in dogs (Artzi et al 2006) , it proved to be biocompatible and osteoconductive material (Fig. 33) . While newly-formed bone achieved similar outcome (36.1% ± 3.6 and 31.4% ± 1.9, at grafted and non-grafted sites), the non-grafted membrane-protected sites showed greater amount of new cementum (73.9% ± 2.0 vs. 59.5% ± 3.2; p <0.02). It appears that PepGen/P-15 application in membrane-protected defects did not enhance regeneration.Similar findings were obtained in critical size defects (CSD) in the rat skull (Artzi et al 2008) . In that study, Pepgen/P15 was applied with and without a GTR membrane while non-grafted membrane-protected and non-protected served as positive and negative controls. At 12 weeks, histomorphometric measurements showed CSD osseous build-up at mean of 60.6% ± 4.5 at the membrane-protected non-grafted sites which was greater (p<0.05) than at the grafted protected (50.6% ± 4.4) and grafted non-protected(44.2% ± 5.5) sites. While anorganic bovine mineral/cell-binding peptide contributes in volume, apparently, membrane application is the determinant factor to establish the gain in bone regeneration (Fig. 34) .
In search for more effective techniques that predictably promote the bone natural regenerative abilityability current research is focused on the application of natural proteins and polypeptide that regulate tissue regeneration. Growth and differentiation factors are currently believed to contribute to alveolar ridge augmentation include platelet-derived growth factor (PDGF), insulin-like growth factor (IGF-I and IGF-II), transforming growth factor beta (TGF-), fibroblast growth factor (a-FGF and b-FGF), and bone morphogenetic proteins (BMPs 1-15). Among these, bone morphogenetic protein (BMP) is the most widely considered in the dental literature. From a biologic point of view, the growth and a. b.
c. differentiation factors may induce earlier bone growth into the area to be regenerated. Figure 35 presents an experimental regenerative procedure in the dog mandible using a BMP based "biologic glue". For more information on tissue engineering of bone the reader is referred to chapters 1-5.
g. h. Fig. 35 . Experimental regenerative procedure in the dog mandible using a. BMP based "biologic glue" a. experimental defect in an edentulous ridge in the mandible of a dog. b. experimental BMP based "biologic glue" gel is injected into the bony defect c.the gel filled defect is covered with an absorbable polyglactin membrane d.,e. bucco-lingual histological sections through the jaw show newly regenerated woven bone (left) filling the defect vs. mature pristine bone (right) from the lingual aspect of the jaw. f.,g. histological specimens treated with picrosirius red stain observed under polarized illumination show "young" collagen bundles with organizing osteons (f) vs. well established osteons and mature collagen fibers (g).
The possible relationship between susceptibility to periodontal disease and other systemic diseases and bone regeneration in the oral cavity has not been established. It has been demonstrated that implant therapy in patients who have lost their teeth due to advanced periodontitis are subject to higher rates of implant failure and complications involving the supporting tissues, compared with those who have lost their teeth due to other reasons (Mengel et al. 2001; Hardt et al. 2002; Karoussis et al. 2003; Wennstrom et al. 2004) . It is generally agreed that certain general health conditions represent a risk for successful GBR procedures. However there are no conclusive data with respect to bone augmentation procedures in patients suffering from systemic diseases which cause impaired tissue healing. Similarly, there seems to be no proof that patients who show behaviors (e.g. smoking, poor compliance) which lead to impaired tissue healing or to a higher susceptibility for disease development, (Mombelli & Cionca 2006) should be performed with these uncertainties in mind, when planning implant therapy in the presence of bone defects.
Conclusions
The alveolar process and alveolar ridge of bone contain the supporting attachment apparatus of teeth; therefore it's primary function is provision of anchorage to the dentition. The major development in esthetic dentistry, and more so the introduction of implant dentistry, led to significant developments aimed to regenerate or restore bony defects and bone loss in the edentulous ridge. Most clinical efforts in the developments in bone augmentation procedures are related to either simplifying clinical handling or influencing of biologic processes. These include constant improvements of the tissue barriers in use, new membrane supporting materials providing space for tissue regeneration, and finally growth and differentiation factors that induce earlier and rapid bone growth into the healing site. It is believed that the new developments would allow treatment of larger bone defects, will reduce the need for autogenous block grafts and membranes, and would reduce the technique sensitivity of the different procedures.
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